Background: Human papillomavirus (HPV) infections cause a spectrum of clinical disease states, depending on the causative HPV and the characteristics of the infected host, especially the status of cell-mediated immunity. Generalized verrucosis is an unusual clinical presentation of a disseminated HPV infection associated with severe immunodeficiency status.
G

ENERALIZED VERRUCOSIS IS
a term used to describe widespread human papillomavirus (HPV) infections. A variety of disease states can result in such severe, potentially disfiguring infections. Generalized verrucosis is observed in patients with underlying immunodeficiency status that are either acquired (for example, AIDS or immunosuppression associated with organ transplantation) 1, 2 or rare congenital immunodeficiency syndromes (eg, epidermodysplasia verruciformis; 3 warts, hypogammaglobulinemia, infections, and myelokathexis [WHIM] syndrome; 4 combined immunodeficiencies; 5 and cyclic neutropenia associated with chronic lymphopenia). 6 We report a case of generalized verrucosis secondary to an HPV-2 infection that resulted in severe disfigurement. The underlying idiopathic CD4 lymphopenia resulted in susceptibility to the generalized verrucosis. The resulting skin disease was untreated for almost 10 years, which resulted in progressive, severe disfigurement, including massive cutaneous horns.
METHODS
DNA EXTRACTION
From 3 wart biopsy specimens taken from the patient, DNA was extracted by means of a DNA extraction kit (Qiagen, Valencia, California). The quality of the DNA extracted for polymerase chain reaction (PCR) procedures was assessed by amplification of the reference control gene ␤-globin.
7
HPV TYPING BY PCR AND SEQUENCING
The HPV PCR amplification was performed by means of 2 degenerate consensus primers, termed CP65 and CP70, with annealing sites located in the L1 open reading frame. 8 Analysis isolation, cloning, and sequencing of putative HPV PCR products were performed as described previously. 8 The obtained putative HPV sequences were aligned and compared with known HPV types available through the GenBank database by means of the Basic Local Alignment Search Tool (BLAST) program (National Center for Biotechnology Information, National Institutes of Health, Bethesda, Maryland). 9 
REPORT OF A CASE
The patient is a 39-year-old Indonesian man who was in good health until the age of 15 years, when a warty lesion appeared on his knee. During the next 8 years, the skin lesions had spread over his entire skin surface and prevented him from working. At the age of 26 years (1994), he was evaluated and treated by a dermatologist in Bandung for almost 2 years, who diagnosed his condition as kutil batu (kutil meaning wart and bart meaning stone or rock). Because his skin condition continued to progress, he withdrew from further treatment and had been untreated since 1998. None of his family members, neighbors, or friends have any condition similar to his. Both his parents are alive, healthy, and nonconsanguineous. The patient also has a healthy brother and sister. He is divorced and the father of 2 healthy children. He is an unemployed construction worker. His medical history was unremarkable, and there were no risk factors for human immunodeficiency virus (HIV). He was not taking any medications. He had remained in his village since the onset of his disease until June 2007, when the Discovery Channel visited him to film a documentary about his condition.
On physical examination, widespread verrucous lesions were noted on his face, chest, and back ( Figure 1A) . His distal extremities contained confluent verrucous lesions, with no visible uninvolved skin. His hands were encased in a number of giant cutaneous horns ranging in size from 2 to 30 cm, many of which were curved and twisted ( Figure 1B) . A strong, foul odor was present. Numerous cutaneous horns were present on his lower extremities, but the soles of his feet were relatively spared.
Assessment of cutaneous delayed-type hypersensitivity by intradermal skin testing with an extract of Candida albicans (1:100 dilution; Allerderm Laboratories, Petaluma, California) revealed cutaneous anergy (lack of induration and erythema at the skin test site at the 48-hour and 72-hour readings). A skin biopsy specimen taken from a lesion on his lower extremities revealed changes associated with a viral papilloma (Figure 2A and B) . The computer analysis of the sequencing data obtained from the putative HPV PCR products revealed the presence of HPV-2 infections in all 3 wart samples ( Figure 3) . DNA sequencing of the E2 region of the HPV-2 genome was completed ( Table 1 ) and compared with a reference strain, as well as another HPV-2 strain that was isolated from a patient with giant cutaneous horns. [10] [11] [12] The obtained sequencing data of the E2 region of HPV-2 from 3 clones of 3 warts were compared to the prototype HPV-2 sequences. Each of the 3 clones (CL1, CL2, and CL3) of the HPV-2 E2 viral region derived from 3 warts showed a similar base change from T to C at nucleotide position 3765 (the position based on prototype HPV-2a DNA; NCBI GenBank accession number X55964). This missense mutation resulted in an amino acid change at position 361 (Y to H) of the E2 viral protein. This amino acid change within the E2 region of HPV-2 was unique to our patient with generalized warts and was not present in E2 protein of HPV-2 viral isolates derived from other patients with huge verrucae vulgaris (Lei et al, 10 2007). All 3 isolates revealed identical point mutations that rendered this isolate, as well as those isolates from another patient with giant cutaneous horns, distinct from the HPV-2 standard. The homogeneity of the DNA sequence in the E2 region in all 3 lesions suggested an infection with a single HPV that was genetically stable over time.
The local Indonesian Health Ministry hospitalized the patient in November 2007 and initiated evaluation and treatments. During this hospitalization, he was diagnosed as having a pulmonary infection with Mycobacterium tuberculosis (diagnosed on chest x-ray examination [not shown], Ziehl-Neelsen stain of sputum [strongly positive], and culture) for which he was successfully treated with combination antimicrobial therapy (rifampin, isoniazid, ethambutol hydrochloride, and ciprofloxacin). He also was diagnosed as having inactive hepatitis B infection. He also had an episode of herpes zoster that resolved without sequelae. His major laboratory findings are summarized in Table 2 and Table 3 . Of note was a chronic CD4 lymphopenia (absolute CD4 cell count, 314/µL; reference range at reference laboratory, 410-1590/µL), which was found to be reproducible when these cell marker studies were performed on a number of separate occasions over time (not shown).
For the treatment of his cutaneous HPV infection, he underwent a series of surgical procedures. First, the cutaneous horns were debrided using a bone saw with the patient under general anesthesia. Since the debridement of the cutaneous horns from his hands, he has been using a compounded 40% salicylic acid lotion to retard the recurrence of the massive hyperkeratosis. Second, many of the verrucous lesions on the face and trunk were excised (elliptical excisions with layered closures and tangential plane excisions). He received a course of acitretin therapy, 25 to 50 mg/d, with little noticeable effect on growth or regression of his numerous warts. Intravenous cidofovir therapy (300 mg for each infusion in normal saline solution: a gift from Gilead Pharmaceuticals, Foster City, California) was attempted (along with hydration and oral probenecid therapy), but the renal function of the patient deteriorated, and this treatment was withdrawn after 2 intravenous infusions during a period of 1 month. He is currently being treated with ongoing surgical procedures to excise the remaining untreated or recurrent warts.
COMMENT
The patient described in this report has severe immunodeficiency syndrome characterized by a chronic CD4 ϩ T lymphocytopenia. This patient meets the Centers for Disease Control and Prevention criteria for this syndrome because he lacked serologic or virologic evidence of HIV-1 or HIV-2 infection, had a CD4 cell count of approximately 300/µL on at least 2 occasions, had an abnormally low CD4/CD8 ratio, and exhibited disease indicative of impaired cellular immunity (generalized verrucosis caused by HPV-2). 13, 14 It is noteworthy that the CD4 lymphopenia of this patient persisted after he was successfully treated for pulmonary tuberculosis, which itself can be a cause of transient CD4 lymphopenias. 15 A variety of opportunistic and atypical bacterial, viral, fungal, and protozoal infections can occur in patients with A B Figure 2 . Skin biopsy specimens of warts. A, Skin biopsy specimen that reveals acanthosis and the presence of koilocytes (original magnification ϫ40). B, Skin biopsy specimen that reveals "church spire" hyperplastic changes (original magnification ϫ20). idiopathic CD4 lymphopenias, such as HPV, M tuberculosis, and varicella-zoster infections, 14 all of which occurred in our patient. The spectrum of HPV infections that occurs in patients with idiopathic CD4 lymphopenias includes juvenile laryngeal papillomatosis, 16 disseminated flat and common warts, 17, 18 recurrent vulvar intraepithelial neoplasia, 19 and generalized verrucosis caused by HPV-2. 6 There are also other immunodeficiency diseases associated with CD4 lymphopenias and susceptibility to HPV infections, such as WHIM syndrome. 4 Such patients exhibit neutropenias, marked susceptibility to bacterial infections, hypogammaglobulinemia, and autosomal dominant inheritance. Other than peripheral CD4 lymphopenia, our patient lacked the features associated with WHIM syndrome (no history of recurrent pyogenic bacterial infections, no hypogammaglobulinemia, no myelokathexis on peripheral smear, and no apparent autosomal dominant inheritance because both his parents and all his siblings were healthy).
Another syndrome associated with marked susceptibility to disseminated HPV infection is epidermodysplasia verruciformis, which is an autosomal recessive disorder with disseminated flat warts (HPV-5, HPV-8, and others), an increased susceptibility to nonmelanoma skin cancer, and mutations in EVER1 and EVER2 (approximately 75% of patients with this disorder exhibit mutations of either 1 of these 2 genes). 3 Our patient was infected exclusively with HPV-2 and did not develop any skin cancers despite having had the HPV infection for almost 25 years. This reflects the benign (nononcogenic) nature of the HPV-2 infection. However, this HPV-2 infection caused severe functional impairment and physical disfigurement.
Immunodeficiency syndromes that can result in generalized verrucosis rarely present with the severe deformity exhibited by our patient. A Chinese patient has been reported to exhibit giant cutaneous horns on his hands and feet as a result of an HPV-2 infection, similar to our patient. [10] [11] [12] There was no published information, to our knowledge, about the immune defect of this patient. In common with our patient, the Chinese patient lived in a rural area and was eventually treated successfully with radiation therapy to his hands and feet. We compared the open reading frame of the E2 region of the 3 isolates from our patient with that of the Chinese patient with massive cutaneous horns to a reference strain of HPV-2 and found that all 3 isolates from our patient exhibited distinct missense mutations compared with either the reference strain of HPV-2 or those isolates from the Chinese patient. 12 This finding suggests that distinct missense mutations in the E2 region can result in aggressive infections, as noted in these 2 patients in whom the infecting HPV exhibited distinct open reading frame missense mutations. Functional studies of the effects of the enhancing effect of the E2 region from our patient's isolates on HPV promoter activity are ongoing. Our observation that all 3 HPV isolates from our patient exhibited identical E2 region mutations suggests a clonal origin of the infecting HPV-2, with genetic stability of the open reading frame of the E2 region in the many years of the progressive viral infection. Our patient was treated with acitretin (unsuccessfully) and eventually cidofovir, the use of which was discontinued because of progressive nephrotoxicity after only 2 doses. Both acitretin (either alone or with interferon beta) 20, 21 and cidofovir [22] [23] [24] have been used with varying success in treatment of other patients with generalized verrucosis. Further characterization of his immunologic defect will be critical to designing successful immunotherapy for his generalized verrucosis. For example, there is a case report of a patient with generalized verrucosis with an underlying immunodeficiency characterized by chronic lymphopenia and a marked defect in T H 1-lymphocyte cytokine production (ie, interferon gamma), who was successfully treated with granulocytemacrophage colony-stimulating factor to stabilize her lymphocyte counts during a 9-month course of interferon gamma therapy. 6 This regimen resulted in a marked regression of more than 95% of her generalized wart infection, with a sustained clearance of her HPV infection during a 5-year follow-up period.
In conclusion, this case represents a rare presentation of a severe, disfiguring HPV-2 infection as a result of an immunodeficiency associated with CD4 lymphocytopenia. Patients who present with massive cutaneous horns should be evaluated for HPV-2 infections and an underlying associated immunodeficiency.
